Previous population-based studies reported the incidence and mortality of ischemic stroke (IS) subtypes in different settings, most of them on the White population from high-income countries 1, 2, 3, 4, 5, 6, 7, 8 . In Latin America, there is only one study, which was conducted in a Spanish and Mestizo population in Iquique, Chile
Our aim was to determine the incidence, mortality and the risk factors for IS subtypes in Joinville, Brazil.
metHoD study population
The data were extracted from the Joinville Stroke Registry, an ongoing prospective population-based data bank started in 2005 in Joinville, southern Brazil. The city population was 487 047 inhabitants in 2005 and 496 050 in 2006 14 . The city has four general hospitals and one public institutional care facility, for a total of 840 beds, all four hospitals have computed tomography (CT) services available on a 24-h basis. The predominantly race-ethnicity based on skin color from the Joinville is White (85.6%) 15 .
We identified all cases of first-ever IS (FEIS) occurring between January 1, 2005 and December 31, 2006. The detailed methods of cohort recruitment have been reported previously 10 .
Diagnosis work-up and criteria
Ischemic stroke was defined as the presence of signs of sudden focal or global cerebral dysfunction that lasted longer than 24 h without any apparent nonvascular cause, with brain CT revealing hypodense brain areas with a topography consistent with the clinical syndrome 16, 17 . All patients underwent biochemical, electrocardiographic and radiological tests. For the diagnosis of IS subtypes, all patients underwent extracranial and intracranial Doppler ultrasound, transthoracic echocardiography and at least one brain CT. Whenever possible, imaging of the brain or vessels by magnetic resonance imaging, transesophageal echocardiography or digital angiography was performed. The routine for stroke investigation followed the guidelines issued by the Brazilian Society of Cerebrovascular Diseases 17 . All patients were clinically classified by the Bamford classification and pathophysiologically classified by the TOAST classification in large-artery atherosclerosis (LAA), cardioembolic (CE), small vessel occlusion (SVO), stroke of other determined etiology (OTH) and stroke of undetermined etiology (UND) 18, 19 .
The following cardiovascular risk factors were analyzed: hypertension, diabetes, coronary artery disease, congestive heart failure, previous antiplatelet and anticoagulant treatment, hypercholesterolemia and current smoking. After discharge, a trained nurse contacted all patients by telephone at 30 days and 12 months after IS onset. This routine investigation was performed after obtaining written informed consent. This study was approved by the ethics committee of the hospitals and universities involved.
statistical analysis
The data are summarized by their mean and standard deviation for continuous variables and percentage for categorical variables. The non-parametric Kruskal-Wallis test was used to compare the different IS subtypes with respect to categorical variables. The Chi-square test was used to compare the IS subtypes with respect to the homogeneity of the distribution of the qualitative variables and to evaluate the independence between the qualitative variables. The Jarque-Bera test was used to determine how well the continuous variable fit a normal distribution. Student's t test for independent samples (normal distribution) and the Mann-Whitney test were used to examine the differences between IS subtypes with respect to quantitative variables. The annual incidence and the mortality rate per 100,000 inhabitants of the different IS subtypes were analyzed. A 95% confidence interval (CI) was calculated assuming a Poisson distribution for the number of events. The incidence and mortality rates were calculated using intercensus data from the 2005-2006 periods as the denominators 14 . The crude incidence rates and crude mortality rates were calculated for the years 2005 and 2006, using the sum of the intercensus population from those years as the denominator and the sum of the cases (deaths) from the same years as the numerator. The incidence and mortality rates were age adjusted by the direct method, using the population of Brazil as the standard according to the intercensus projection for the years 2005-2006 20 and Segi´s World 21 population. The results were expressed as multivariable-adjusted odds ratios (ORs) and 95% confidence intervals (CIs), [OR(95%CI)]. The age-specific and sex-specific analyses for IS subtypes were also included.
All tests were two tailed. All data analyses were performed using Microsoft Excel 2010 (Microsoft Corporation, USA).
resuLts

Incidence
Over 2 years, we registered 610 patients who had IS. Among them, two who had no brain images were excluded. The final sample was 608 patients. The adjusted 2-year cummulative incidence per 100,000 inhabitants for all IS subtypes was 86 (95%CI, 79-93). For all IS subtypes, patients were predominantly White, with percentages ranging from 84% for the OTH subtype to 98% for CE. Table 1 shows the crude total, age-adjusted and sex-specific incidences. The highest adjusted incidence rates were registered for UND [30(20-43) ] and SVO [29(20-41) ]. Among the subtypes, OTH had the lowest incidence [2(0.6-7)]. It was observed an increase of incidence rates with age to all IS subtypes and the age-adjusted incidences for the SVO, UND and LAA subtypes were not significantly higher in men for all age groups. Table 2 shows baseline characteristics and risk factors. In the final sample, 427 (70%) had a previous diagnosis of hypertension, and 287 of those (67%) were in regular treatment before the ictus. Only 107 (25%) of all the hypertensive patients had controlled blood pressure, 90 (21%) of the patients did not have control, and in 90 (21%) the control state was unknown. As expected, compared to all other IS subtype groups, the OTH subtype group contained fewer patients who had hypertension (36.8%; p = 0.004). Diabetes was previously recognized in 30% (184); 52% (96) were using an oral antidiabetic drug, and 21% (39) were using insulin therapy. Dyslipidemia was previously recognized in 25% (149); 56% (83) of these patients were regularly using medication. Current smokers were most prevalent in the LAA subtype group (p = 0.036). Previous CHF (p = 0.041), AF (p < 0.001), the use of antiplatelet medication (p = 0.001) and age (p < 0.001) were most prevalent among CE IS.
stroke risk factors
mortality
After one year, the overall age-adjusted mortality rate to IS in the present study was 5 (4-6). Table 3 shows the one-year mortality rate. The highest adjusted mortality rates were registered for UND [9 (4-17) ] and CE [6 (3-13) ], followed by LAA [5 (2-11) ]. The OTH subtype [0.2 (0-0.9)] had a lower mortality rate than the UND, CE and LAA subtypes. In men and women separately, the OTH subtype had a lower mortality rate than all other IS subtypes to both sexes. 
DIscussIoN
In Joinville, in the years 2005 and 2006, the higher incidence rates observed in the present study were for UND, SVO and LAA subtypes. The incidence of LAA was almost two-fold higher in men than in women. One year after FEIS, the higher mortality rate was observed for UND and CE subtypes. The OTH subtype presented lower mortality rates than for the other subtypes.
In Iquique, Chile, the world standardized incidence for atherothrombotic IS was 2.8/100,000. However, only 25% of those patients underwent carotid duplex ultrasound 9 . In our sample, all patients were assessed using confirmatory methods, and those patients who had an incomplete investigation were included in the UND subtype. The rates for the SVO, CE and UND subtypes were similar in both studies 9 . Despite performance of biochemical, electrocardiographic, extracranial and intracranial Doppler ultrasound, transthoracic echocardiography and at least one brain CT in all the patients in the current study, a significant number of strokes of UND subtype was observed. This was previously reported in epidemiological studies based on the same pathophysiological classification 2, 3, 4, 10 . Recent studies have chosen different criteria for stroke subtype definition 5, 22 . These new criteria, combined with advanced diagnostic techniques, could help reducing the cryptogenic stroke observed in UND subtype 23 . In addition, not all of the patients in the present study were submitted to Holter monitoring and/or transesophageal echocardiography. This may partially explain the relative low incidence of CE subtype Unfortunately, we do not have the exact number of patients submitted to these methods.
The epidemiology of IS subtypes in White patients from South America was previously analyzed in two hospital-based studies 24, 25 . In Buenos Aires, Argentina, 42% of all IS subtypes were SVO 24 . In Porto Alegre city, also in southern Brazil, 32% were LAA 25 . These finding could be related to dietary conditions, the poor control of risk factors, socioeconomic conditions, age, sex and race 24, 25 . However, the study design was not suitable for these analyses because non-hospitalized patients had differences in the etiological subtypes and risk factors compared to hospitalized patients 26 .
The incidence of LAA in Joinville was similar to that in previous studies of mostly White populations. In two recent population-based studies focused on a predominantly White population, a high incidence of the LAA subtype was reported, which might be related to the stroke pathophysiology classification system used, distinct of the classic TOAST classification 5, 8 . In our study, the incidence observed could be explained by the prevalence of risk factors and possibly genetic susceptibility, because most of the Brazilian population has some amount of African genomic ancestry, and it is recognized that ethnicity is an important contributor to atherosclerotic risk factors 3, 6, 7, 27, 28 . In a recent case-control study, hypertension, current smoking, abdominal obesity, diet and physical activity accounted for more than 80% of the global risk of stroke 29 . The hypertension treatment measures taken previous to stroke in the current study (67%) were similar to those in a recent study (77%) 4 . However, in the Adelaide Study, only 2.5% of hypertension patients did not have it controlled 4 . In contrast, we found that 21% of previous hypertensive patients, even when regularly treated, did not have it controlled before hospital admission. In the last decade, measures were started to reduce the cardiovascular death in Brazil by controlling risk factors 12, 30, 31 . However, a Brazilian telephone survey demonstrated that obesity and diabetes have been continuously increasing in the last five years, though fortunately smoking has been reduced by 2.1% in the same period 32 . The higher mortality rates observed for UND and CE were described previously in the Mestizo sample in Chile 9 and in other predominantly White population studies, where the authors also demonstrated that LAA had elevate mortality rates as shown in the present study 1, 2 . This study has some limitations. First, race-ethinicity was based on skin color classification of the IBGE, responsible for the official census of Brazil
33
. Most Brazilians, have a predominantly European genomic ancestry, with some proportion of African and Amerindian genomic ancestry 27, 28 . Second, a large number of patients were included in the UND subtype because of a failure to be put in one of the other groups. Despite the extensive investigation performed, patients who had cryptogenic etiology were not distinguished from those who had two or more mechanisms in the UND group. Making this distinction could improve the understanding of the high incidence and mortality rates in this subtype. Still, previous studies with similar methodology did not report the percentage of complementary tests performed, and did not provide information about the numbers of cryptogenic strokes or of strokes caused by two or more in the UND subtype 2, 4 . Therefore, we understand that these limitations do not reduce the importance of the present work, the first study in Latin America to demonstrate the real incidence and mortality rates of ischemic stroke subtypes in a predominantly White population.
Some risk factors were not analyzed in the current study, primarily abdominal circumference, diet and physical activity, all of which are clearly recognized as important risks to control 29 . Another important issue is the non-differentiation between intracranial and extracranial atherosclerosis, a disease with high incidence in Black and Hispanic populations 3 . Furthermore, the current study does not represent the whole population of Brazil; the heterogeneity present in the country, where some regions are more than 40% Brown (Northeast, North and Central-West), could change the predominant risk factors and the frequency of the IS subtypes 33 . An ongoing study could help to address this variation in future studies because the sample is representative of different regions 34 .
In conclusion, the incidence and mortality rates of IS subtypes in Joinville, Brazil, were similar to those from other predominantly White population-based studies. These findings highlight the importance of better detection and control of atherosclerotic risk factors in the Brazilian population.
